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O, plasma ashing is commonly used to remove photoresist. The effect pfa®ma ashing on the
porous organosilicate glass (6810, 5),,, one of the spin-on materials, is investigated.fasma

can oxidize the methyl groups in porous organosilicate gla€SQG, which leads to the formation

of Si—OH groups. The hydrophilic Si—OH groups will induce moisture uptake so that electrical
degradation will occur in POSG film. Pure hexamethyldisilaz&idDS) vapor(100% HMDS can

react with the Si—OH groups in POSG film. It converts hydrophilic Si—OH groups into hydrophobic
Si—O-Si(CH) 3 groups against moisture uptake. The leakage current density decreases by a factor
of 2—3 and the dielectric constant decreases from 3.62 to 2.4 wheplaSma-damaged POSG
undergoes HMDS treatment at 80 °C for 15 min. Therefore, HMDS treatment is the effective
technique to repair the electrical degradation to POSG film during photoresist stripping processing.
© 2002 American Vacuum SocietyDOI: 10.1116/1.1488645

[. INTRODUCTION materials k~2) will be necessary for the integrated circuits
o _ S generations after that.
.A's circuit geometry is shrunk, the |ntr|n§|c circuit de'lay Porous organosilicate glag8OSQ is a promising candi-
will increase due to the greater resistance in the metal intefyate a5 an ultralow dielectric constant material. The incorpo-

connects, anq also capacitance effects frgm the 'nt_ercor?étion of voids reduces the dielectric constant of the film by
nects. Strategies to reduce so-called parasitic effects 'nduquering the overall material density;*so that it has po-

incorporating metals with lower resistivity, such as COPPELy e htial to drive the dielectric constant as low as 2.0. In addi-

SL]Seﬂr?r\,lledﬁge;ﬁ;gi—lTor with & low dielectric constant be'tion, the porosity(volume fraction of porgsof the POSG
. . . . film is about of 50%. Therefore, POSG film has higher po-
Incorporating low dielectric constarilow-k) materials tial in ultracl leint ted licati
into deep submicron fabrication has received much attentiofF"t@ In ullra-large-scale-integrated, applications as com-
in recent years. Many technical literatures have revealeBared with other dielectric materials. However, the dielectric
properties of the POSG film will be deteriorated during pho-

various lowk materials available with the dielectric constant : 16
in the range of 2.0—4.3:1* According to the International toresist(PR) removal processé€s:*In order to overcome the

Technology Roadmap for Semiconductdi§RS),* by the ~Process issue, hexamethyldisilazafi$VDS) treatment is
year 2004 the minimum feature size will be Quin, which ~ Provided to improve the quality of the POSG film after the
requires insulation with a dielectric material having a dielec-POSG film undergoes the PR removal process. In addition,
tric constantk<2.4. As a result, ultralow dielectric constant O, plasma ashing have been investigated to realize the im-
pact of integrated processes on the dielectric film quality.
dElectronic mail: tcchang@mail.phys.nsysu.edu.tw Furthermore, the electrical measurement and material analy-
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ses have been also used to evaluate the POSG film during the 740
PR removal process. .

[I. EXPERIMENT 700

The precursor of the porous organosilicate glass is one of
the silica-based sol—gel materials, which is provided by the
Chemat Inc. The POSG film, (GSIO, 5),, has been devel-
oped by increasing the number of the methyl group, which
causes the hydrophobic surface and results in the lower
moisture uptake in the POSG film.

Unpatterned silicon wafers were coated with POSG solu-
tion at a rotational velocity of 3000 rev/min for 20 s. Then, a 600
sequential bake was performed in the furnace under nitrogen
atmosphere. For the bake condition, the temperature was
raised from room temperature to 425°C at a rate of 20°C/ 560
min. Finally, the resulting wafers were further processed by
furnace curing at 425 °C for 60 min. 540 3'0 6'0 9'0

In this work, Samples STD, O, and R were prepared. _

Sample STD was the as-cured POSG film without any O, plasma treatment time (sec)
plasma treatment. Sample O was the as-cured POSG filfls 1. Thickness variation of POSG filmisample STD with O, plasma
with O, plasma ashing for 30 s. Sample R was thge O ashing for 30-90 s.

plasma-treated POSG filniSample Q after undergoing

HMDS atmosphere at 80 °C for 15 min. Afterward, all of the

samples were further processed by furnace curing at 400 °C

for 60 min. Finally, aluminum was deposited onto sampleéﬂove organic photoreS|st: Ho.wev'er, POSG film h.as a large
STD, O, and R as the top electrode to manufacture thgxposed—surface area. This will raise the opportunity of reac-
metazl—ir;sulator—semiconducthIIS) structure. fion between the POSG film and,@lasma when the POSG

The HMDS treatment was performed by utilizing HMDS film und_ergoes photoresis_t removaIQ_ plasma is an excel-
vapor to treat sample O in an oven. The HMDS vapor isle_m _omdant,_ and 'Fhus .'t can OX'.d'Ze methyl groups
generated by heating HMDS solution and the vapor is congZS'_CH3) in the film via the reaction
veyed to the oven at 80°C. Moreover, the HMDS vapor==Ssi—CHj g+ 20y4—=Si—OHg+ COyg + H,0(y -
treatment is carried out at a pressure of 760 Torr. (1)

The O, plasma ashing was carried out in a plasma-

. - Therefore, the impact of Oplasma processing on the POSG
enhanced chemical-vapor deposition chamber. The Ofilm must be investigated.

plasma was operated with a rf power density of 1.13  _. . L '

(Wierd) at a pressure of 300 mTorr. The flow rate was 700 Figure 1 shqws the thlckness_vanatmn of the POSG_ film
d th ted t t kept at 300 °C (sample STDwith O, plasma ashing for 30—90 s. The thick-

sccm, an € operated temperature was Xept a " _ness of the POSG film is decreased with the increase of the

The chemical structure of the POSG film after different . .
processes was investigated by Fourier transform infraregz plasma treatment time. The decrease of thickness results

(FTIR) spectroscopy. The thickness of the POSG film was o @ drop of the methyl groups’ content, caused by O

L lasma ashing, which can be confirmed by the FTIR spectra
measured by an N&K analyzer 1200, which is a new type of a3
thin-film measurement system. The N&K analyzer 1200,(In Fig. 2). The FTIR spectra of sample STD aftey flasma

roduced by N&K Technoloav. Inc.. can measure the reﬂec:’;\Shing for 30—90 s are shown in Fig. 2. Both the intensities
P y hology, Inc., ca of the Si—C peak$847 and 1277 cmb) and the C—H peak
tance spectrum of the film. By comparing the resultant equa-. 1 .
) . . 2980 cm ) are decreased dramatically. Furthermore, the
tion for theoretical reflectance with the actual measurement., - ivios of the Si—OH and O signals(938 and~3400
of reflectance, the thickness of the thin film can be deter- g

_1 . . . .
. . cm -) increase when ©plasma ashing is applied to sample
tmhzzqéécfr?ghggxs'\f:ndteclf ?;:c;/sgeft'?r:]\l\;s dutshid ég n;g_:;l;l:(r:t; STD. It is believed that oxygen radicals can diffuse deeply
: : - : pacitancer,,, he porous inner structure of the POSG film to react with
voltage (C-V) characteristic was measured at 1 MHz with

an ac bias for high frequency. Finally, the current—voltagea large a}mount of Si-CHigroups, which causes the contgnt
(I-V) characteristic was also.measur,ed by using the MI f_the SI_.C and C._.H groups to decrease. Oxygen r§d|cals
structure to evaluate the insulation property of the POS il |mmedle}tely oxidize the Si—Chigroups fqr the duration
film of the reaction between the,@lasma and Si—CHgroups.

' Hence, the oxidation will convert the Si—GHjroups into

Si—OH groups via Eq(1). Since the Si—OH group is hydro-

lll. RESULTS AND DISCUSSION philic, moisture uptake is easily induced. As a result, the

In integrated processes, the photoresist removal is implantensities of the Si—OH and @ signals will increase after
mented conventionally by utilizing Oplasma ashing to re- sample STD undergoes,@lasma ashing.
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Fic. 2. FTIR spectra of POSG filmsample STD with O, plasma ashing [ 4 Leakage current density of POSG filtsample STD with O,
for 30-90 s. plasma ashing for 30-90 s.

The POSG film with an excellent lowproperty is due to  data. The POSG film with the Si—OH groups will easily
the higher density of the functional group. Therefore, whemabsorb moisture. The high polarity of water moleculdi
the function groups decompose afte; flasma treatment, electric constant-78) present in the POSG film gives rise to
dielectric degradation of the POSG film will occur. Figure 3 the increase of both leakage current and dielectric con$tant.
shows the dielectric constant variation of Sample STD after In order to overcome the process issue, hexamethy|disi|a_
undergoing @ plasma ashing for 30-90 s. The dielectric zane is provided to repair the damaged POSG film. The
constant increases with the increase of theplasma treat- HMDS [(CH,)3Si—-NH—Si(CH);] can eliminate the
ment time. In addition, the leakage current also increasesj—OH groups via the reactith
with the increase of the Oplasma treatment time, as shown ) ) )
in Fig. 4. These degradations are due to the formation of théCHs)3SI=NH-S{CHs)3(g)+ HO—Si

Si—OH groups in the POSG film, as proved by the FTIR = 9 (CHg) 3—Si—O—SE= g + (CHg)3— SiNH, ),
2

(CH) 3= SiNHy g + HO—Si=

Figure 3a) shows the FTIR spectra of samples STD, O,
and R. In comparison with sample @, plasma-damaged
POSG film, when sample O undergoes the HMDS treat-
ment, the intensity of the IR bands from the Si—OH groups
and moisturg938 and 3400 cm) decrease significantly, as
shown in the spectra for sample R. Meanwhile, the intensity
of the absorption bantB47 cm ) increases, which is char-
acteristic for Si—C stretching and GHocking vibrations in
trimethylsilyl groupq —Si(CHs) 3], as shown in Fig. &). In
addition, Fig. %b) shows the variation of the intensity of the
C—H groups. The Si—O peak appearing in the absorption
band (1069 cm}) is assigned to the reference peak. It is
0 30 60 %0 found that the peak-intensity ratio of C—H/Si—O on the FTIR
spectra increases from 0.0359 to 0.0456 when the HMDS
treatment is carried out on the oxygen-exposed POSG film,
Fic. 3. Dielectric constant of POSG filmisample STD with O, plasma @S Shown in Fig. ). These experimental results support our
ashing for 30-90 s. inference. The Si—OH groups are not only eliminated to re-

Dielectric constant

1 1 1 Il

0, plasma treatment time
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are onto the surface of the damaged film. Therefore, the
thickness of the POSG film will increase after the HMDS
treatment.

Figures 7 and 8 show both the dielectric constant and
leakage current variation of the POSG film when the POSG
film undergoes @ plasma ashing and sequential HMDS
treatment. The dielectric constant of the as-cured POSG film
will increase after @ plasma ashing, whereas it decreases
after sequential HMDS treatment. The dielectric constant of
sample STD increases from 1.9 to 3.62 afterpglasma ash-
ing, as shown in sample O. After sequential HMDS treat-
ment, the dielectric constant decreases to 2.4, as shown in
sample R.

Moreover, the leakage current density increases signifi-
cantly when sample STD undergoes @lasma ashing, as

Fic. 5. FTIR spectra of samples STD, O, and R.

M Sample STD (as-cured porous silica)
A Sample O (Sample STD with O3 plasma ashing)

V¥ Sample R (Sample O with HMDS repair)

pair the damaged POSG film, but also undergo reaction with 4
HMDS, which forms the StO-Si(CH)3 groups. Since the 3_62$
methyl groups are hydrophobic, the HMDS treatment can _
change the film surface from hydrophilic to hydrophobic. 8 al Sample O
Figure 6 shows the thickness variation of the POSG film g
with various process steps. The thickness decreases when the g ? 04
POSG film undergoes Oplasma ashing. The decrease of ‘§ '
thickness results from a drop of the methyl group content, 2 2r 1-9% Sample R

caused by @ plasma ashing. Nevertheless, the thickness of
the damaged POSG film increases after further HMDS treat-
ment, as shown in Fig. 6 for sample R. Two possible reasons
may cause the increase of the thickness. One reason is thai
when HMDS reacts with Si—OH groups, it provides addi-
tional trimethylsilyl groups[—Si(CH;)3] to replenish the

lost functional groups, caused by, ®lasma ashing. The
other reason is that some depositions of the HMDS species

JVST B - Microelectronics and  Nanometer Structures
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Sample STD

Fic. 7. Dielectric constant of samples STD, O, and R.
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104 HMDS treatment is an effective technique to repair damaged
—@— Sample STD (as-cured porous silica)

_m Sample O (Sample STD with Oy plasma ashing) POSG film and has a higher potential for the photoresist
105 ——&— Sample R (Sample O with HMDS repair) removal application .
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